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(54) ROLUNG BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rolling 
bearing in which indentation is hard to occur in a 
raceway surface, wear resistance is improved, 
furthermore, the structural change in the 
process of rolling fatigue is suppressed, the 
coarsening of crystal grais at the time of 
quenching can be suppressed, having a long 
service life and high reliability even in the case 
of being placed under foreign matter- intruded 
lubrication, and furthermore under purified 
lubrication, and, in which corrosion pitting 
(including hydrogen induced cracking) is hard to 
occur even in the conditions under the 
generation of corrosion pitting caused by the 
infiltration of water. 

SOLUTION: At least one among a fixed ring, a 

rotary ring and a rolling element is composed of a steel having a compsn. contg., 
by weight, 0.65 to 1.20% 0, 0.05 to 0.70% Si. 0.2 to 1.5% Mn, 0.15 to 2.0% Or and 
0.01% N with inevitable impurity elements and at least one kind among Ti, Nb and 
Al by 0.05 to 0.40% and in which at least one among Ti carbides, Ti carbonitrides, 
Nb-carbides, Nb carbonitrides and Al nitrides having 50 to 300 nm average grain 
size is dipsersedly precipitated into at least the vicinity of the surface. 




0 sa;:0O 200 lOO 4» saa; v60ft. 7&0 «]0 



LEGAL STATUS 

[Date of request for examination] 28.10.2002 

[Date of sending the examiner's decision 
of rejection] 



http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAA6gaq_DDA411080897P1.... 07/02/14 



(19) B*S«rff;t (JP) 



^ Mi^w^^Jkm (A) 



(ll)»?fFUlH^Bi»^ 

fl^il^l 1-80897 

(43)4iRB ¥flcil#(1999) 3^260 



(5l)Int.Cl.« 
C 2 2 C 38/00 
38/28 

' F 1 6 C 33/32 
33/62 



30 1 



F I 

02 2 C 38/00 
38/28 

F 1 6 C 33/32 
33/62 



3 0 1 Z 





««¥8-239642 


(7I)[HSBA 


000004204 










(22)a«IH 


i|tJ^E9^(1997) 9H4B 




]*CtCffla;riK::*:« 1 T a 6 « 3 ^ 






{r2)JBM# 


























MS wa^ 



(54) [^ggiO^Jfti] <E*XO«lg 



(57) mm] 

imf&] e^fi. [Hl^$i. ^i!j#:(De)t>t7:'^/<^< i: 
— o;6^ SaitT-C = 0. eS'-l. 20%. Si = 
0. 0 5~0. 7 0%. Mn = 0. 2 1 . 5%, Cr 

= 0. .15-2. 0%, N^o. oi%^tmzyFWM^ 

^i^^Ttm^^^-t^ i: i: 1 T i , N b . A I <0 o 

TIC,NbCN,A1N (nm) 




0 50 100 200 300 400 500 600 700 600 



7 

= 0. 65-1. 20%, Si=0. 05 — 0. 70 
%, Mn = 0. 2-1. 5%. Cr=0. i S — 2. 0 
%, N^O. 0 l%3tWwT:^iB6^^M^5t;^^'i•^i- 
^ (i: 1.}::. Ti. Nb, A\ (Dvh<}^^^J^< thim^ 
0. 0 5 — 0. 4 0%^^. 7!>>0, ^±&J|^M;65 5 0 n m 
-3 0 0 nin<75T iM^b^life). T i MS^b^fel. NbM^b 

[0 0 0 1] 
[0 0 0 2] 

S «r*^HRC 6 0 — 6 3. ^®:r-;^'7"-^-r hS^r^S 

-1 5%t LX^m^tlX\^^^o 

[0 0 0 3] m-^^-^msinmsim 
[0 0 0 4] ::,inh(ommm^9tt LXfi rgifejisA* 

o. 6 5 5, pl 7 — 2 4, 1 9 9 3^) l:i7r^ttXl^ 

Sfe^^fix ^ifeO::^#$:trJ: 

19. ^ v->mmTb)m,\^xm'\:/s^x\^T't^t 

[ 0 0 0 5 ] t LT4#^¥ 7-110988 



(2) 11-80897 

[0 0 0 6] ^fc. i|^^^5-2 5 5 8 0 9-^<ki?#RH. 
fifiitT-C :0. 65 — 0,,90%. Si:0. 15 — 
0. 5 0%. Mn : 0. 15-1. 0 O %. C r : 2 . 
0 — 5. 0%. N:0. 0090 — 0. 0 2 0 0%^^ 
tl^tl^^X.. Al :0. OlO-O. 050 . 

%. Nb : 0. 0 0 5 — 0. S 0%(Do ^(D imy.\1^^2 

[0 0 0 71 ^e>tl. S^mW-^-S 3 16 9#>25r«fi. 
CSrO, 1 — p. 25%. Si^O. 2 — 0. 4%. M 
n^O. 3 — 0. 9%. Cr^O. 5 — 0. 9 %'i'^r 
1^:0. 3-4. 0%. T i ^0. 0 1- 
0. 3%. Nb^O. 0 1—0. 3%. V*0. 01 — 
0. 3%. Zr^O, 0.1-0. Z%COo%<^^^<th. 
Xm^M.^^^. ^^o. SM^^^H V 6 5 0-8 0 0 

20 t\^fzm.mmmm^m7f^\^x\^^^o 

[0 0 0 8] 

fz.lW^<09^<L^^7 - 1 1 0 9 8 8-^<2i:$&icM^^n.fc 
fftS-ed. C : 0 . 3 — 0 . 6 Sfi:%. C r : 3-14 

m\^^m<o^m^m\^x:=^y^h%tt^^ . -^tz. wm, 

^t«0<DW-i^mm'^O. 5-1. 0 fimti^^\f^t:.ib. S 

[0 0 0 9] -^tz. ±^l.fz2Wist)(D{^mW-S-2 5 5 
8 0 9-^^#R{;:^^^tbfcl*gT-ti. C-^^SSriSTS 

i-6i:fc53&^ *twA 1 i:NbSrSs*Di-53^ttT-*iJeS 

[0 0 10] ±m\^ft3i^tb<7:>!^mW-9'5 3 

1 5 o^'MR\zm^^^titimi^m'wx*.n. m^miziT i 
40 Yfj:t'(D^^7tm^miJui.x\^^^tiib. up^^i^(Dmm 

m^j:mim<D±^f)mnx-^'r. i^rzmmm7i:m\cs: 
[0011] ^ti. m^izimmmit^^tiibmFm i^tzm^x 

^-X, H. SwahnT&^ib^^ TMeta 1 lugical 

Transactions A volume 7 
A, August (1976) 1099-1110, M 
artensite Decay During Co 
50 ntact Fatigue in Ball Bea 



-2- 



3 

r i n gj md.^i.::^^hti^X^iz. $A§:Wi7KmT(om 

1 0 0'-3 0 0 ji mi:im^mttm^tv^m^m^:^xm 

10 0 12] m*-^^^\:^7MmAl.fzm^(D 
m'^i&T(Dl$'mt UT, J . A. C i r u r a (b<0 Tw 
ear, 24 (1973) 107-118, The E 
ffect of Hydrogen on the 
Rolling Contact Fatigue L 
ife of AISI 52100 and 440 
C Steel B a 1 1 s J IwJ:^ i:, 4^^^-^)^. 

ztn. itiS:m2mm^^mtbte^Lxmmxh^tii!b 
mmit-thiznmmxh^. 

fzi,(DxhD. mmmAT\^^^^xhm^m.ii.mm\^E. 

ZUZ< ^^BW^tttoe;&s t) lASSrffitti- 6 r i: S: @ W 
[0 0 14] 

(1. mm^t{3]mmt(Dm\::m^(7:>^W)t^%:mm:i.xm 

m»(D^h<D<^^j:< tt—^^K mttXC=0. 65 
'-1. 2 0%. Si=0. OS'-O. 7 0%. Mn = 

0. 2 — 1. 5%. Cr=0. 15 — 2. 0%, N< 

0 . 0 1 Vo^umz^^wi^^^m^Ttm^ti^'r^ tti, 

Ti, Nb. A 1 05^bd^>Sr< <!: t> iSSrO. 0 5 
--0. 4 0%^;^. 2p:i^^|5i^;5^5 0 nm~3 0 0 

nmCOTi^^bife. T i^m^m. h ^im. NbiK 

So 

[0 0 15] 2}x^0^{w:fc^^Ttis T i . Nb, A 1 
*3^?',f< <t t Iffi^O, 05 — 0. 40%^*DL. ffl* 

1, Z^i^^^ 5 0 n m— 3 0 0 n in(7:)T i ^^b^^ • J^^^b 

NbMYb^ • i^s^bi^. .A 1 mim^wm\:i^W(.^ 

'^X\^^^<OX\ hV ^y^:^r-^m^tlX:t-y^7''f'-( 
it. m^mAT^:i^\^''XhWim.m\:iS:m^±C{z< <fj: 
[0 0 16] tSS;6S^ltU)t4&<g^TteoT 



(3) 1#B8¥ 1 1 - 8 0 8 9 7 

[0017] t<tCTiC, TiCN. NbC, NbC 

5 0 nm*JitD#'&f:i(:i. f>'^>'i/5§b:i:^ UT^SJigi 
JO \^\ «lffi3|^^*lC ri^^ki^^C r^g{t;«)?fcif 

fiJKSS-^i iJ[^±-efo5o 

[0 0 18] ^Tt. 7XffiA{::J:^JS'tftfc:'5'^>'.^«±T 
T i C. TiCN. NbC. NbCN, A \ S^J: t*f}*^7K 

mhv ^y-y^^^ h t * t) . mMmtm • mm(o^^x 

7}^m^^m&m\.x!Km^^< ^\z<<\^^ n\t^(D^ 
wi9tm^m^(07m^m(OT^m^hfzt^'tfzi^. 

20 ^<Dm^Wr^'^(^7YMm&^^T -^^^iz}^. U'k'dy 
[0 0 19] i^T> 3^^0^^f^*is j51-S&OWgfi|(7)«-^ 

1 ) C ; 0 . 6 5 1 . . 2 0 % 

C-^^1:^^0. 6 5%<^T[HlSi:. 
LT^^StU-S^^ HRC 5 9J[^±^^^^-e#?'rf:V^#^ 

50 T^^Wkt^to'^. 

2) S i ; 0. 0 5'-0. 7 0% 

S i {iffiSfe^{bt75iii@. S.t>*j^A:h.'[4^f^Ji$it65i;^ 
T-fcS« S i •^^l:;^^^ 0 , 0 5%^T[H]S ci:^<501^^^ 

3) Mn ; 0. 2-1. 5% 

Mni-XmcO^Xtli^iiCS^^cOh^TtmX-h^o Mn-^^ 
.S^so. 2%SrTlH]Si:iKAtt'l4*s^JSU. — Zti 
5%^±[H]5i:ADX^4;?iHg:T"r^e 
40 4 ) C r ; 0 . 15 — 2. 0 % 

"^^i^^^i^^^h^^K 2. 0%^^;tT^^^'^S^. Vf 

mmitmm:kitLxw^i^'^^m.^^^:k^ < ^ji^-r^s ^ 

5) Ti ;0. 05-0. 40% 

T i (^«P34^}rT i mm^^v^r i mmm(Dmw^xWi 
mimmxh^o ^Jt. t i fij^Atb^(^?ssacoa:fe 

50 ^k^ffl]Sij-r5am;!>5fo!9. ^b{:i7mhy^yy''t-( Y't 



-3- 



5 

t . ^<o^ < (11 M inj^±oT i mit^Rxy^y^iitr i m. 
m\m(r:>mmx*mm ur 5 cot. t i mm^^r i 

Ti#^l:;^so. 4 0%:gr±[Hl5<i:. ;0DXt^7&Mg;T 
•re i: i: t tr. ^^SriST^ii-^* 5 ^ Inj^±<7:>^^ 

fei^ (T i N) , (T i S) 0<li»;55itSpL. |fiS<7:>te 

6) A 1 ; 0. 0 5 — 0. 4 0% 

1 NSr^jS;-t-e7ti!t>tC(l*{g:0. 0 5%-[^±^;0^^■/J5i^^ 
^T-fc5o Ut&^L. 0. 4 0%^j@;tT^*Sii:5^#^ 
^Jl^^SE^^T•^ery^^> (Al 2 03 ) ;ii5#<^j56:$ 

7) Nb ; 0, 0 5—0. 4 0% 

Nb *iA 1 i:\^m\zm^\zti^\^^x'aimti:m^m • mim 

bC, NbCNS-^^^F-^SfcJ^JlCflO. 0 5%^±O 
S^r-^^r^iter <h;6'^ie^^-C^So L.;^)^L. 0, 4 0% 

^^IB<S:^<!:/.t5<^-e. Nb^^-SttO, 0 5-0. 

8) N ; 0. 0 1%^T 

^i'±mi>^^m^\^±\^^Mf>^h^. Ti^m^m. Nb 

i^mit^. T imitmr-mi^Ul.. son m- soon 

mOT im\:.mm:>\^xL^0c 

9) ^(om<D^'^m&^:^m^7zm 

P ^ 0 . 0 2 % 

^tt^eT^ii:e5ii|gTfc5fc4e). ^<?5±PIffiSrO. 0 

2 % U Ttc 

[0020] S<0. 02% 

*T-$>5;6^ Mn22:I>*T i t'^^ LXm^(Dm:^*^ ^ 0^ 

«i^0. 0 2%i:U;to 
[002l]O^0.0016% 

^'^M^^^^Thmco^'h^mn. m^{^:i^\^'^xm^\::^ 

mx^^<DX\ ^(D±mi&i:0, 0016%<bLybo 

1 0 ) ffiJ^CO^t^^^ ; 5 0 n m~ 3 0 0 nm 
rtd. :^(i(^l6S:fflfl. ±f5}ia^c7:)g8|^(::¥:fe>;3|5lg5 0 
nm-3 0 0 nm(75T i i^^bife • g^M^bfte. Nbg|>fbife 

• ^^'fb^^ A}m<tm'^^mmtiivx\^^^zti)^-'S^^m 



(4) 11-80897 

6 

WWfe^^^^affiS^^ 3 0 0 nin^®;t^#'g'il. 
tJHi^<7:)^*&3K[S?55 5 0 nm— 3 0 0 m:n(DtSmf)^b^tl 
10 0 2 2] ^ ^ 5 0 n m— 3 0 0 n m^;:) 

7/? T i ^im ' KM^bfe. N b mm • mmitm. a i ^ 

[0 0 2 3] 

•rsc m 1 {zmmm 1-2 022:t;^tfcK^?9 1 - 1 5 1 lt 

mm (nm) ^^ti'eriTik'r, mi&m 1^2 o(d^ku 
i^:^mM<Dmm^\^^'rtii,mfzi.x\^^^t}K ttmmi--' 

20 1 B<om'^\t.^^^T i , Nb. Al. NOl^•f^^!&^ 

[0 0 2 4] m:mmRxj]:tmwm^^^mz^\^. i^s 

^o^^^i^i:^IS%^l^r:a^■r#tK«•S:ffl^/^TMfPUfco r 

(D^'W^WZ^^-^X . Tifc^l/MlNb, A l^-^hU 
5/iJ7>!.{c^^tti2i^ii:53ti^?. 1 1 5 0 — - 1 3 5 0 t:(?5ta 

mmztm\^x^mt^m.^M\.t:o ^(o^. sso- 

Xs T i C. T i CNfe5^/^^lN b C, NbCN, Al 

[0 0 2 5] ^(D^^. mmm<ompi:U(7^^ 950-11 
5 ox:<DmLmmi^x^^mrcntu^.i.. w-i^u^so^ 

SOOnmCOTiC, T i CN, NbC, NbCN, A 
INlc^tg^iir. ^mVfm^^tio r60F^«fi:^!|S«r?ft 

[0 0 2 6] itmmi(omi^m^m2m (ii^suj 

2) TfetJx itK«2,. 3 t7)«9f±<#§|5P 5 - 2 5 5 8 0 

4 , 5 *li|#^^ 9-5 3 1 5 0 -^-^x^mz^UWiOUn 
[0027] TiC, TiCN, NbC, NbCN, A 

TUT^y ;^7Sa^^:Jor/^ofCo rO^.. TiC. TiC 
N. NbC, NbCN, A 1 NCO^tlSfls TEM (Sii 

m^Bmmt. EDx (^^^/^=2fi--^i^^x«5^7fefe) ^:: 



-4- 



7 

1 3 fim^tL. ^M<0 1 0 lEif (CO^IS^ U 

^(O'j^^. MMm 1 ~ 2 0 T^fl^pj^Jgr^ 5 0 n 3 0 
OnmtDTiC. T-iCN. NbC, NbCN, AIN 

(i-g^ffm»'3 0 At m2 S 9 I:: 5 oili^±;6^#ai-5 C ^ 
[0 0 2 8] <S^tw. ^^SF»Jt^ffiS:cl:M:«5Mc7:>WS<^l^o 

#-^tv-^*tbKB.«-r5.o ^»i'-3T-fiisit::^-r;T-t''b 
3n\tmh^ix. ^fra 1 1 ^^-'^!>>^>-^/3{c®^$i^. 

f)mU't^tt\>\:i. 7}f-/H 3;6^|5lbi--6J:'9lw/^o 
TU>5o ^N5? v^>^3{::ti^#::/-^:7 h 6;6sjgig$tt. 

^^ :^^^v'-t':7 h6^:/M.T>'Ni>v^>':/3t^©^StL/c 

10 0 2 9] r> 3 f^{c:(ijgvt»«^[l]5§ 2 1 

iiMi-^?aP±ai§l5 2 5;6S^A$ix. 8 1 0 

5 (DWi^^^ 2 1 fi^lf 2 0 digal 2 0 fi?PI?f 
8 ^ LT^-t'^-fflVG 6 8 ^«5l^LTl^^o tt1t2 

0f::flMif>^[H]5§2 7 ^:^UT?im^a8;^sfeB#5 c c (7)*] 
T-1i $ tu 5 <t 9 ( r /jr o T 1/ ^ -5 o 

[0 0 3 0] 7i^o\ (7:)«*&[Hisg 2 7 lt^)|»-^7)c 
ii'iOSi^^lr^lf 2 0 (^c7:)Jl?tfft 8 ^McSfeEt;i^;!jD 

TScM^^6lii(;i?5fcl:fi-2 2. 7K>':7*2 3. -7 ^ ju^ 2 A 
a. 2 4 b;65^ft^tbTl^^o ^^c. >'^^7i;?:x>5^3:^t)^ 
S3Q±t±iai2 5ti^-Y w<2lcJ:oT$il9S^;h.v f^-r'^^ 

[0 0 3 1] 5)/.f>tt^^##^il<l*i. r^i^ 

iSA*# ,t t) ^!gtV#^J (N S Kx ^ /ve;^^ - 
•^/l-No. 655, pl7'-24. 1993^) {CfB«t 

ib\ LXi-tmrn^m^: (6 2 0 6^^^:/) 

UT*iF r==900kg f^. ^®|[hI^ 
mi-^S 9 0 0 r pmSr. PjfJSi: LTI^^^- t'^-fflVG 

6 8<l:^^L7to 

(^^1) mmixi^. '^'rmm<Dmmt \.xHv 7 3 

OCD 1 /Hn'— X (::^# ^ 4 4 "-^ 7 4 M m) ^ 

0." 0 0 5 g^mmm i v y lAsefi 

ia,ttJ^eiiift:co;^4rffp°pfO*ft§:ffl2ffil^3Smu. SJM^O 



(5) 11-80897 

^tz^rn^^^^ 1 oia-rofroyho ^i,z.^m<D^f^T(Dm 
mmmmm(o5isttj:otc^,§,\zx^ik^^wr 

(14 5K^Pp^T-fei9. fi^o-C^^iT-^«Ii9^&^*ttg#^ 
iO^t) 5 2 0 0 atfa^ LfCa 

[0 0 3 2] mf^i\z^\^'^xnp^iii<o;f^^wmv 

fZo {^^(^mmW^i-trJ ^^/\^C:^^—/u (HR 
C) T-6 0'-6 6. m^:t-:y^'r'r^ ha(15'-20 
JO %. Wl7S.mmU^itO. 0 1—0. OS^mRati. 

i'twicms:m2mti.xm^m^-mi^. ^^'mm»(o 
^®^^^HRC5 9-6 3. ^mm^'^^nmrnu^ 

^0. 01—0. 0 3 MmR a . iESj«!:coa®m$«r 
0. 0 0 3—0, 0 1 0 fimK a t Lfz.0 

[0 0 3 3] m2 Ru^Ei 2 \zm^ 1 (D'^M^Tj^-t. m 2 

\za^m^T i C, TiCN, NbC, NbCN. Al 

r^o^^^n.^ (nm) . m^umm-^. L^om^ m 

20 mm^^m^T i C, TICN. NbC, NbCN, A 
1 N(^^iS3teS (nm) ^t^. «&li{;iL10»^ (m 
?^) ^^oTs ^ffi^!ll-2 ORtKtbtSWl-l 5(wO 

[0 0 3 4] w;n.b76^^^^SMl — 2 O(i^4'*30T i 
it^. T i j§^^>ft:fec7)5pi^ei@;0^5 0 nm;^^^ 3 0 0 n 
mT^!9. ^/t. ttg^^LlOfl-r-<T^§:^^C0 3|g 
coi 5 0^raJeJ^±i:;ior*5!9> ittfifMl - 1 5 ^Jt-< 
S^^^7:fofCo ^«W4, 7, 12. 13, 1 

30 4 1 4 #^ Ji iir /if 19 > ^ t> H R 

ce 4^±t^j:^. ttSft^Lio-r-<T2 0 o^raeji± 

[0 0 3 5] -^fc. itesMl — 1 5 {I*3V^TliS:#^L 

tbgJWl 2 — 1 5 T*ti5 0 nm^Y^COT i C, TiC 
N, NbC, NbCN, A 1 N^^^^J-ife UTU ^3t;6K igfe 
ffiOjeSSrWfc: (9SmS) i>*-X^^j:t^<:>ititisb. ^^(D 

tz, Ztmr i C, T i CN, NbC, N b CN, A 1 

W}%:m^m^BU^umi,z't^^^^^'r^f)-hxh^o 
^j}^tLXr^^Bm(D'&i^it^m±x^'r. m^wtmu 

Bit (1 1. 9#i^±) L/^^^ofcJi^:^^ LT. 
ttj:hfJ:t^^fzt^:tbi^^o 
50 [0 0 3 6] ^fc. •^(7)ffi(7DtbKWl'--l 1 flT i, N 



-5- 



9 

b, A\(0^f)m^X*^^<. ^(D^^^^t^^ABOnm 

[ 0 0 3 7] t^^. m2t^h-mht^tj:X.b\^. ^EJcf^tfffi 
1 5) TJittS<75LlO»#;65 1 3 — 6 8 ^Pb'^ 

m^^mm(o^i^n^f)^^ 50-300 nm(omms^ (m 

:te^Ji-2 0) T(i$4§:«^LlOii^;Ji>i 5 0-2 0 0^ 
imm2) ^K2fi. S«^^iSAU/jri^te}H?f {VG6 

13. lltitmmi, 7, 1 4(^^t:^^5><7:)tt§:rt«i 

J 2) ^^v^yto ^mn^^ 1 oerotrofco 

t) ^ra^l 1 0 0 0 BtPe^ i: UfCo . 

[0 0 3 8] mi3\zmm.2(r>n^^^-to 

t^fj:^ b %mm 1 L 10#^;&s 9 9 1 ^BS {o% 
2/\ 0!^I&^1< 19) ^/.Ct). mW^W 3TfiLlO^^ 
1 0 0 0 ^Fb^ ( 5 ib 1 / 1 0 F^tiJi < ^ ) ig;t7to " JE 
i::. ^iSfiaji TtwBiUTfii 5 0 0^ra»c5tLTttt< 

[0 0 3 9] rixid^ttj-LTjte^Wl T-fiLlO#^;&^3 8 
2^ra (5 t)5/l 0F^$ft(i< t)) Tfet). lt«J^i7T- 
f4LlO#-^;dS4 1 5^Pa (5t>5/l 0 J^ftfK t) ) T 

3/1 Of^^tK t)) T-fcofCo ^fc. ^:&S«^!ll, 1 

3, 1 7Stj^jt«Mi . 7, 1 4 1 4 0 o^rat-r^ 

(^^3) ^i^3(i. 01{w:^-rP:i^1«l:::fb^^^TWSl 

0-^<7:)P?t»8(7?Wji5&^#^jJ:^it. r.i^HE^!J-;^^ 
itAUX^^KW^ ^ etwEt^^U-::^*i;i7Kl%^JS 

3teS;6M7. 3cSt (40*0 , 7. 9cSt (10 
or) ) P»Jt bre^UT^iB'&U. ^lfp-t>j: 

(2 5t:, 6 0W) ^2 5 0lw, ^fP^:^5^ (2 5 
1 05 W) ^3 6 4tC. ^{b^^S (9 9t:. 10 
O^fffl) ^0. 0 2 5MPatw, BIfflg (9 9t:. 2 4 
nWi) ^0. 3%{C. m-M^^ (9 9t:/ 2 2Hfr«^) ^ 
0, 3 4%{w. rS.^.^2 6 Ot:£Jl±(w, tKScI^tKS (7 
9^. mBa) «:2%f;:BSS^;ft. ffiffiJBtfe (10 0 
t:. 2 4^Fp1) (:i#tfrL/£:tc^Sri^5>o 
[0 0 4 0] ccQg?.. «^ta^<^^ai?i±*;65^2a.^tL 



(6) 11-80897 

JO 

te^iag^ 7 O'-S O^Cir-Cffo^te 

?fc4b\ ^l^3tljo^^Tl^. WSchUT. ^i(7:'^^SW 
1 , 13, 1 7 i: itii^iJ 1 . 7 , 14 <r>\\:.^^9^<DW^ 

SUJ2) ^ffil'^/'Cc ^j^fl-^tL-^'ttl Oe-foffo 

[0 0 4 1 ] ^4l:i^i^3<^ii^^^^*rc 

^iSMl -efiL'10#-^;i>5 5 3 8^F^ (pt) 
4<lF^tt. 4^B^«I. ^8/lOrt< t)) ^iffi 
«1 3T-tlLlO#^d5 5 6 9B#rB^ (5*t3<lf^li. 3 fi 
^tt. l+6/l0(l<^) \-:LmMm 1 7 T 

(iLlO^-^/ii-e 2 4^F^ (5t>3<iF^$is sfi^fi. ft 
6/1 0(i< !9) tf^otL, 
■ [0.0 4 2] r^(C^LTit«5^?'a-etiLlO^#;?i5i 8 
6B#Pb^ (5t>5fii^(i. 5®^!!. fHo/lort^fl 
2/7 <t)) Jte£OT7-e(lLl0f^;*5 1 9 3^ra (5 

*,5<irtli. 5fi^tt. ffl 0/1 Ortl^fK «9) T'fc 
15. JgdltesMl 4-e(lLlO#^;6^ 2 0 5B#r^ ( P 5 
bm^^. f+1 0/1 0.(^«rfi< t)) T*fco 

[0 0 4 3] ^JS«1, 13, 1 7 \Z^\^^X'^^tLmt*^ 
^tb^'tlll, 9S. 15. 1#. 12. 8#T-feofc 

o^c*^b"c. 7, 14-enTic, Tic 

N. NbC. NbCN. A 1 N;^^^^ LT^SiQ-f . t*^-^ 
T^^J|5iS55^-^n.-^':h.8. 7#. 8. 6#. 9. 5#T* 

[0 0 4 4] zcoxo^^. ztib(7:>mMmx*nm^\:iW- 

i&m^ 5 0 - 3 0 0 n m(DT i ^t^. T i mMitmh 

b mt^ • mmtm. a i m^m^mm\^^m 

[0 0 4 5] ^tz. 7X{iAT^c*5^/^Tt>^ ^^Ji®{bL;t 
CNfc5V>f:tNb C, NbCN, A 1 N^^^tK* h 7 5/ 

h ^ i^xwmik^t^ ' mm^mx-7m^i^m^M 

so [0 0 4 6] fj:^. ^ 5 lilSg^JK^S"^ (N) i: ^i^jg 



-6- 



(7) 1 1 -8 0 8 9 7 







C 


1 


Mn 


Of 


Ti 


Nb 




N 






1 


0.99 


0.2A 


0.34 


1.33 


0.D5 






O.00B2 


5 1 




2 


o.eB 


O.OB 


0.54 


2.00 


0.26 


_ 




0,0095 


76 


a 


1.00 


0.26 


0.21 


0.95 


o.rs 






0.0012 


69 


£E 




0.78 


0.6B 


1.05 


0,35 


0.40 


_ 


_ 


0.0095 


125 


5 


0.80 


0,22 


0.44 


0.15 




0.12 




0.0053 


71 


in 


6 

7 


O.BC 

LI6 


0.12 
0.3A 


0.33 
0.25 


1.3B 
153 


- 


0.31 


_ 


0.O025 


95 


0 


0.7B 


0.05 


1.38 


0.9C 


- 


0:40 
0.05 


_ 
_ 


DD034 
OJ0039 


156 
S3 




D 


0.70 


0.70 


0.41 


1.56 


- 


- 


0.05 


0.0013 


GO 




10 


o.go 


0.32 


0.41 


0.B9 


- 


- 


0.14 


0.0022 


OB 




1 1 


0.05 


0.26 


1.50 


1.15 




- 


028 


0.0078 


1 02 




12 


1.20 


0.49 


0.22 


1.05 


- 




0,40 


0.0088 


1 78 




13 


0.65 


0.09 


0.38 


0.87 


0.05 


0.19 




0.0026 


1 S5 




M 


Q.97 


0.33 


0.27 


1.47 


0.28 


0.06 


_ 


0 OO'1 1 


163 




15 


0.72 


0.G5 


0.35 


f.32 




0.22 


0.15 


0.0024 


214 




)C 


1.17 


0.19 


0.47 


0.22 




0.38 


0.06 


0.0087 


236 




1 7 


0.79 


0.22 


0.26 


1.57 


0.35 




0.1 1 




£»rv 




10 


Q.GG 


0.25 


0.13 


1.91 


0.07 




0.23 


0,0041 


1 98 




19 


0.90 


0.32 


1.43 


r.36 


0.10 


0.15 


0.33 


0.0025 






20 


0.76 


0.15 


0.44 


0.55 


0.29 


0.06 


O.M 


0.0055 


297 




1 


1.05 


0.35 


0.29 


!.45 








O.0OS3 


0 




2 


0.67 


0.25 


0.45 


3.51 




0.10 


O.03 


0.0133 


67B 


it 


3 


0.77 


O.ID 


0.27 


2.12 




0.01 


0.02 


0.0153 


498 




A 


C.IC 


OM 


0.55 


0.81 


0.30 




m 


0.0082 


591 




5 


0.(6 


0.33 


0.50 


O.GI 


0.P2. 


0.03 


0.02 


0.0023 


530 




C 


1.19 


O.A^ 


0.31 


1.11 








0.0019 


SOS 


m 


7 


0.C8 


0.4 t 


D,57 


0.80 




0.02 




0.0025 


492 




B 


0.9G 


0.23 


D.38 


1.40 






0.03 


0.0021 


486 




9 


0.9 i 


0.77 


0.33 


0.95 


D51 






0.0089 


567 




10 


1.05 


0.B5 


0.72 


1.13 




0.55 




0.00GB 


571 




11 


1.22 


0.33 


0.5C 


0.36 






0.48 


D.0079 


552 




12 


O.GB 


0.28 


1.05 


1.12 


0.15 






D.00B8 


12 




10 


0.77 


0.29 


0.25 


0.89 




0.21 




0.OQ53 


34 




M 


O.flO 


0.10 


0.4'1 


0.95 






0.34 


0.CO42 


26 




15 


0.93 


0.27 


OJO 


1.59 1 


0.15 


0.05 


o.n 


0.0082 


10 



[0 0 4 8] 



(8) ^mW- 11-80897 



13 14 







TIC. TiCN, Nb 
C, NbCN. AIN 




L10 Chr) 






I 


5} 


1 !,9 


151 






2 


78 


12.8 


1B3 






3 


59 


12.3 


159 






4 


125 


1 4.3 


200 






5 


71 


12.5 


162 


7/1 0^*1 R|fi<y 




€ 


95 


12.7 ' 


169 




Art 
m 


7 


156 


14.B 


200 






8 


53 


1 2.0 


163 








60 


12.4 


165 






10 


88 


13. Q 


174 


4/'10pq^ii<tj 




t } 


102 


13.5 


187 






12 


178 


14.2 


20O 






13 


1S& 


15.1 


200 






14 


163 


T4.7 


200 






1 5 


214 


1 3.4 


1 B2 






1 6 


23G 


13.0 


] 75 






1 f 


256 


12.8 


1 71 






1 B 


1 Or 


1 3.S 


180 






1 9 


4W 


12.1 


161 






2D 


9Q7 
^ f 


11.9 


158 








V 


O,/ 


13 






2 


D/O 


Tu.S 


59 




3 


4S8 


1 Q.l 


SO 


1 o/ioi*jfia:<y 






031 


7.3 


19 


lo/iop^fliirs^tj 




53B 


7.0 


18 






o 


509 


83 


23 






7 


492 


8.9 


25 






S 


486 


8.0 


2! 


-tQ/iorti«i±<y 




S 


567 


10,2 


26 


io/ioj*ittr±<y 




10 


571 


S.8 


31 


io/iowttri<y 




11 


552 


10.1 


28 






12 


12 


9.3 


60 






13 


34 


9.8 


68 1 






U 


26 


e.5 


65 






»5 


tB 


9.0 


63 r 





[0 0 4 9] [S3] 



|TiC. TICN. NbC, N 
bCN. AIN (nm> 




L10<hr) 






51 


115 




2/iop»^lii*<y 




IS6 


15.1 


1000 






256 


12.8 


1500 














0 


B.7 


382 




■:ai'3:iiei 


492 
26 


8.6 
9.5 


415 
611 













[00 5 0] [^4] 





TIC. TiCM, NbC. N 
bCN. AIN ir\rr\) 




L10 
(h r) 






51 




538 






155 
256 


15.1 
12-8 
















0 


8.7 


186 






492 


fi.6 


193 




■aa ^'i^jfcgi 


26 


9.5 


205 





[0 0 5 1] 





/i m> 


7 


31 


8 


22 


9 


16 


10 


11 


11 


7.8 


12 


5.5 


13 


3.9 


14 


2.8 


15 


1.9 



50 [0 0 5 2] 



—8- 



(9) 



l^mW^ 11-80897 



15 

l^mcoi^^] ^^mi^^tiit. Ti. Nb, A ICO 5 

3 0 0 nm<DT i ' mmit^.^ h ' «^ 

>fb^. A 1 mit^^ 1 3 in2 <i: i^McO 1 0 

(3 0Ain2 ) hfco 5 om}^±^9$imz.^m^m 
[0 0 5 3] ^fc. »Lii*ifw^S^^c;ti&#-e 

n^m^Zhyy-y^'tit^. *fcT i C. T i CNfcS 
l>«:3:NbC. NbCN, A \ r^i!>^7Km h =7 ryy'-f'^ \^ t 



JO 



16 



8"-Jlytfa. 1 o-'-teS:. i i 
$i. 1 3-^itjfr . 2 0- 



. 3- 



1 2---F^ 
2 1 •••?^vt 
2 4a, 2 



7-«jf&[IlKo 



[12121 





0 50 OO 200 300 400 500 600 700 800 
T)C,NbCN,AlN m3Si& (nm) 



-9- 



uj^mm^^i] (^nrnmi 7^0:) 2 commit ji^b^iEcD^m 

[^^f 01 5^1^ 2 9 0 (2 0 0 3. 1. 29) 

[^r*^«-^] ^mw- 1 1-8 0 8 9 7 

[<:^^^0] ^^1 1^3^ 2 6 0 (1 9 9 9. 3. 2 6) 

i^m^m ^Bfl#ffF^ai 1 - s o 9 
3 9 6 4 2 - . 

C22C 38/00 301 

38/28 
F16C 33/32 
33/62 

[FI] 
C22C 38/00 301 Z 

38/28 
F16C 33/32 

33/62 

[ffitti0] ¥^1 4^1 0;^ 2 8 0 (2 0 0 2. 1 0. 

2 8) 

i^mmiE 1 ] 

= 0. 65^-1, 20%. Si=0. OS'-O. 70 
%, Mn = 0. 2'-'l. 5%, Cr=0. 15 — 2. 0 

^tti^^z^ Ti, Nb, A \ cr)^ib<}^fj:< thim^ 
0. 0 5~0. 4 0%^;^. :^^o. 5 0 n m 

--3 0 0 nmOT ii^-fk^. T i mmit^. NbK{b 

N b mm<m. A 1 mitmco 5 'h<o<^ti: < ^ 1 1 o 

[§f3j^:3g2] mrlBT i - fs^m\im. N b ^{b^ 
■ m.mt^. A 1 mtm(D o -^crxP^f^ < ^ l o;^^ 3 0 

%j^T^ Ufcr <h^4#m^i-5li3jt^i ^;^(^2g:>l^•r 

[IS*:^4] mrigteSo^fBj^;g#-^^^ 1 1 . 9#J&1 
1 7!?M 3 CO ? -i^gPU^Ttt^b:^ 1 JBtwfBjfegQ 



[^J!ffi«iE-2] 

miEM^^m^\ 0 0 17 

[0017] t<\Z.TiC, T i CN, NbC, NbC 

mm) nnmm-^ -^*^ 11.9 #j^± (^ 2 4 ) -efe 

[MlE^feJSg*] 0 0 2 2 

[0 0 2 2] ^ibtw. ^*&3|&^5 0 nm--3 0 0 nm^D 

T i • mmim. N b • a 1 m 

[^«t«iE4] 

mjEnmmB^] 0 0 24 



[6 0 2 4] m-mmRxy^^m*i(Dm^^m\z^\^^ ias 

T i C, T i CN^6l/>flNb C, NbCN, A\ 
[ffijE*f*«S*] 0 0 5 2 



[0 0 5 2] 

l^m(D^^] :^^m\^Xtii,'I. Ti. Nb, A]t?5 5 
•t5<:j/-/.^< t> IS^O. 05-0. 4 0%Ss^Ol-5C 

©L5Hii^®/^btJ5|;i^K^{r^*&J|^M5 0 nm- 

3 0 0 n miOT i j^Yb'^ • mMAm. N b iK^fb'IfeJ • 
Ib^. A 1 m<m^ 1 ti^^ 3 m m2 cir 1 6 

(3 0/im2 ) fcfct) 5 OfiJ£Jl±^«^lffllw^ict^db 



-2- 



